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Noubactep Chicgoua * (1, 2) , Caré Sabine. (3) , Btatkeu K. Brice Donald. (4) , Nanseu-Njiki Charles Péguy (5) (1) Angewandte Geologie, Universität Göttingen, Goldschmidtstraße 3, D -37077 Göttingen, Germany; (2) Kultur und Nachhaltige Entwicklung CDD e.V., Postfach 1502, D -37005 Göttingen, Germany; by-products, (ii) the decrease in surface activity over time (reactivity loss), and (iii) the decrease of the bed permeability over the time (permeability loss) [11, 12] . If Fe 0 beds are used for above ground safe drinking water production, none of these three drawbacks is really a problem. In fact, individual beds will be replaced as soon as a problem is observed.
Fe 0 beds have been demonstrated and used as an efficient and affordable technology for safe drinking water production at small scale (household and small community) [13] [14] [15] [16] [17] [18] [19] [20] [21] . The first generation filters made up of a 100 % layer of Fe 0 were very efficient but not sustainable because of too rapid clogging [13, 16] . The second generation filters used Fe 0 and inert filling materials (mostly sand) and could achieve certain sustainability [19, 22, 23] . Recently, a theoretical discussion on the proportion of Fe 0 in Fe 0 beds has been performed [24] [25] [26] .
The suitability of plated metal (bimetallic systems) for reactivity enhancement has already been demonstrated [27] [28] [29] . By plating a Fe 0 material with a more noble metal, the number of micro-defects in the crystal lattice due to different dimensions and charges of micro-alloyed elements, related to Fe 0 increase. Micro-alloyed components generate defects in a metal structure (interstitials and vacancies in crystal lattice) and an imbalance in the charge distribution, as a result of many micro-galvanic cells. These defects decrease energy barriers To discuss the evolution of the pore space within the filter as metal oxides react, it will be considered that defined as the ratio of the molecular volume of the reaction products to the molecular volume of the educts (Tab. A3). The discussion will only concern MnO 2 because no tabulated value could be found for TiOOH. The evolution of the porosity loss due to clogging is discussed in section 4.
Evolution of the residual porosity using bimetallic particles or metal oxides
This section will start with some general design equations. It has been recently showed that dimensionless design equations could be written such that for each practical case the appropriate values are derived [24] [25] [26] . In other words, the same equations are applied to household Fe 0 filters, Fe 0 treatment trench, and Fe 0 reactive walls. In each case, the used materials (Fe 0 and additives) should be thoroughly characterized. Relevant material characteristics include porosity, particle size, shape, specific weight, and surface area. The impacts of material characteristics on the bed efficiency are not discussed here. composed of mono-dispersed spheres subjected to soft vibrations, the compactness C is generally considered to be equal to 0.64 for a random close packing. It is assumed that the particles are non porous.
General design equations of Fe
The initial porosity Φ 0 (-) of the reactive zone and the thickness H rz of the reactive zone are respectively then given by: (iii) reaction products are fluid enough to progressively fill available pore space.
Assuming that the coefficient of volumetric expansion or the specific volume (η) of the reaction products is: 
Assuming that iron expansive corrosion is the sole clogging factor, the bed is clogged when the volume V' oxide is equal to the initial inter-granular voids (Φ 0 .V rz ), the volume V Fe,clogging of the consumed Fe 0 leading to clogging of the bed is then estimated by: Eq. 19 through 25 should be routinely used to design laboratory experiments, pilot and field works.
Case of bimetallic/quartz system
To sustain the Fe 0 reactivity, Fe particles are replaced by bimetallic particles of comparable The initial porosity Φ 0 , the residual porosity Φ r and the residual mass of the iron (Fe 0 ) are evaluated by Eq. 26 , Eq. 27 and Eq.28:
Where φ MnO2 is the internal porosity of the MnO 2 particles (φ MnO2 = 62 %) and f pp (-) is the porous particle volume fraction determined by The fact that no pore clogging was observed for 51 vol-% Fe 0 suggests that more Fe 0 could be used for the same bed (V rz constant). In this case, the volume of MnO 2 is necessarily reduced. 
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Concluding remarks
A Fe 0 /quartz filter is regarded as an assisted slow sand filtration system which efficiency is improved by addition of a calculated amount of metallic iron [65] . The aqueous corrosion by infiltrating raw water should ideally transform the initial Fe 0 filter to an efficient filtration system. Improved filtration efficiency is based on the volumetric expansive nature of iron corrosion [59, 66] which ideally only partly fills initial pore space in the sand-like filter [67] . gives the volume and the ratio of the volume of MnOOH to other oxides [73, 74] . Apart from MnOOH, all oxides listed in Tab. A.1 may be considered as potential starting materials.
A.1 Estimation of the η-value for MnOOH
The volumetric contraction or expansion coefficient η expressed as the ratio of the volume of
MnOOH to the volume of each oxide is determined according to:
With M i and ρ i the mass and specific weight of the i species (MnOOH or oxide)
As the mass of MnOOH and the oxides can be expressed by M i = M i *n i where M i is the molecular weight and n i is the number of mole of each species in the chemical reaction, the coefficient η is:
It can be noticed that the specific weight is either measured or calculated according to: Accordingly, the mass of the mineral is given by: 
